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© Process for the production of amines. 



@ An amine is produced by reacting an amide with hydrogen at elevated temperature in the presence as 
catalyst of a composition comprising as a first component (i) a noble metal of Group VIII of the Periodic Table of 
the Elements, particularly palladium or ruthenium, and (il) rhenium, which component may be supported, and as 
a second component either an alumina or a zeolite, preferably a low silica aluminosilicate zeolite, for example 
type A or type Y zeolite. 
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PROCESS FOR THE PRODUCTION OF AMINES 



70 



The present invention relates generally to the production of amines by the hydrogenation of amides and 
in particular to the use. an improved catalyst composition in amines production.. 

The production of amines by the hydrogenation of amides, which may be represented by the following 
overall reaction; 

R - C + 2H 2 ^ R-CH 2 -NR 2 + H 2 0 

NR 2 



R being independently either hydrogen or alkyl, Is a known reaction, though it has not been extensively 
studied., The use of copper chromlte as catalyst has been reported, see for example US Patents Nos 
3,190,929 and 3,444,204 and Wo|cik et al, J ACS. 56: 2419, (1934). The processes described therein are 

/5 characterised by low activity even at 260° C and 2100 pslg hydrogen pressure. In US Patent No. 4,448,998 
the use of a zeolite (4A) as co-catalyst together with copper chromite is described In French Patent No 
1 ,532,063 there is described the use of ruthenium/alumina as a catalyst and dioxane as an inert solvent for 
the amide. The selectivity to amines using the process of the French patent appears to be inferior to that 
obtained In USP 4,448,998. The use of rhenium metal (reduced rhenium (VI) oxide) as a catalyst is 

20 described in J. Org. Chem. 2345* (1963) by H,S. Broadbent et aJ. 

We have now surprisingly found an improved catalyst for the hydrogenation of amides which can 
substantially overcome the low activity and selectivity to the desired amine products generally associated 
with prior art catalysts 

Accordingly, the present invention provides a process for the production of an amine which process 
25 comprises reacting an amide with hydrogen at elevated temperature in the presence as catalyst of a 
composition comprising as a first component (0 a noble metal of Group VIII of the Periodic Table of the 
Elements, and (U) rhenium, and as a second component elthej an alumina or a zeolite 
The amide reactant may be an amide of the formula:- 



30 



R 1 - (I) 
NR 2 R 3 



wherein R 1 is either hydrogen or a benzyl, aryl. aliphatic or cycloaliphatlc group which may be substituted 
or unsubstituted. and R 2 and R 3 are independently either hydrogen or aliphatic groups which may be 
substituted or unsubstituted. Preferably R 1 either hydrogen or an alkyl group.. R 2 and R 3 are preferably 
either hydrogen or alkyl groups. Examples of amides suitable for use in the process of the invention include 
acetamide, propionamide and also those amides generally referred to as fatty amides, typically higher than 
C7- It will be appreciated that in theory when R 2 =* R 3 = H, the product comprises a primary amine, when 
either of R 2 and R 3 « H and the remaining one of R 2 and R 3 is alkyU for example, the product comprises a 
secondary amine and when R£ = R 3 = alkyl, for example, the product comprises a tertiary amine, though 
in practice a mixture of amines may be formed Because of their relative commercial usage, it ts often 
desirable to produce primary amines.. 

Commercially available hydrogen may be used with or without further purification.. 

The process is preferably operated in the liquid phase, if desired using an inert solvent Suitable inert 
solvents include oxygenated solvents, such as for example dioxane and tetrahydrofuran 

The catalyst comprises a first component which is (i) a noble metal of Group VIII of the Periodic Table 
of the Elements and (ii) rhenium and a second component which Is a zeolite. As regards the first 
component, for the avoidance of doubt the noble metals of Group VIII for the purpose of the present 
invention are considered to be palladium, platinum rhodium, ruthenium, iridium and osmium.. Of the 
aforesaid metals of Group VII i, palladium and ruthenium are preferred 

Preferably the first component further includes a support. Suitable supports include high surface area 
graphitised carbons, graphites, activated carbons, silicas, aluminas and silica/aluminas, of which high 

2 
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surface area graphitised carbons and silicas are preferred Preferred silica supports are those having a high 
surface area, typically greater than 50 m 2 /g. However, tow surface area supports may also be used. 

Typical of the high surface area graphitised (HSAG) carbons are those described in QB-A-21 36704 (BP 
Case No 5536). The carbon is preferably in powdered or particulate form. The size of the carbon particles 

5 will depend on the reactor type used 

The HSAG carbons are porous carbons.. They may be characterised by their BET, basal plane, and 
edge surface areas The BET surface area is the surface area determined by nitrogen adsorption using the 
method of Brunauer Emmett and Teller J Am Ghem Soc. 60,309 (1938) The basal plane surface area is 
the surface area determined from the heat of adsorption on the carbon of n dotriacontane from n-heptane 

io by the method described in Proc Roy Soc A314 pages 473 - 498, with particular reference to page 488 
The edge surface area is the surface area determined from the heat of adsorption on the carbon of n- 
butanol from n-heptane as disclosed in the Proc- Roy, Soc article mentioned above with particular 
reference to page 495 

The preferred HSAG carbons have a BET surface area of at least 100 rr^/g, more preferably at least 
16 200 m 2 /g, most preferable at least 300 m 2 /g The BET surface area Is preferably not greater than 1000 m 2 /g, 
more preferably not greater than 750 m 2 /g. 

The ratio of BET to basal plane surface area Is preferably not greater than 4:1 , more preferably not 
greater than 2.5:1. It is particularly preferred to use carbons with ratios of BET to basal plane surface area 
of not greater than 15:1. 

20 it is preferred to use carbons wfth ratios of basal plane surface area to edge surface area of at least 
10:1, preferably at least 100:1 . It is not believed that there is an upper limit on the ratio, although in practice 
it will not usually exceed 200:1 

The preferred HSAG carbon support may be prepared by heat treating a carbon-containing starting 
material. The starting material may be an oleophillic graphite e g., prepared as disclosed in GB 1.168,785 or 
25 may be a carbon black.. 

However, oleophillic graphites contain carbon in the form of very fine particles in flake form and are 
therefore not very suitable materials for use as catalyst supports. We prefer to avoid their use. Similar 
considerations apply to carbon blacks which also have a very fine particle size 

The preferred materials are activated carbons derived from vegetable materials e-g. coconut charcoaJ, 
30 or from peat or coal or from carbonizable polymers.. The materials subjected to the heat treatment 
preferably have particle sizes not less than those indicated above as being preferred for the carbon support 
The preferred starting materials have the following characteristics: BET surface area of at least 100, 
more preferably at least 500 m 2 /g 

The preferred heat treatment procedure for preparing carbon supports having the defined characteris- 
35 tics, comprise successively (1) heating the carbon in an inert atmosphere at a temperature of from 900°C to 
33O0 c C, (2) oxidizing the carbon at a temperature between 300°C and 1200°C, (3) heating in an inert 
atmosphere at a temperature of between 900°C and 3000°C 

The oxidation step is preferably carried out at temperatures between 300° and 600°C when oxygen 
(e g as air) is used as the oxidising agent 
40 The duration of the heating in inert gas is not critical. The time needed to heat the carbon to the 
required maximum temperature is sufficient to produce the required changes in the carbon . 

The oxidation step must clearly not be carried out under conditions such that the carbon combusts 
completely. It is preferably carried out using a gaseous oxidizing agent fed at a controlled rate to avoid over 
oxidation. Examples of gaseous oxidising agents are steam, carbon dioxide, and gases containing molecular 
45 oxygen eg. air. The oxidation is preferably carried out to give a carbon weight loss of at least 10% wt 
based on weight of carbon subjected to the oxidation step, more preferably at least 15% wt 

The weight loss is preferably not greater than 40% wt of the carbon subjected to the oxidation step, 
more preferably not greater than 25% wt of the carbon. 

The rate of supply of oxidizing agent is preferably such that the desired weight loss takes places over 
so at least 2 hours, more preferably at (east 4 hours. 

Where an inert atmosphere is required it may be supplied by nitrogen or an inert gas 
Suitably the first component comprises from 0 1 to 10% by weight Group VIII noble metal, preferably 
from 0-5 to 5% by weight Group VIII noble metal, and from 0 1 to 20% by weight rhenium, preferably from 
1 to 10% by weight rhenium, the remainder of the first component comprising the support. 
55 The first component may be further modified by the Incorporation of a metal or metals of Group IA, 
Group IIA or Group JVA. preferably by a metal of Group I A of the Periodic Table of the Elements. A suitable 
metal Is potassium The amount of the modifying metal(s) may suitably be In the range from 0 1 to 20% by 
weight based on the total weight of the first component The addition of a modifying metal can have the 
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advantageous effect that carbon-carbon bond hydrogenolysis can be supressed to a greater or lesser extent 
during the hydrogenation, thereby improving the selectivity of the process to desired products.. 

The first component may be prepared by a variety of methods. One method of preparation comprises 
impregnating the support with an aqueous solution of soluble compounds of rhenium and the Group VIII 
s noble metal which compounds are thermally decomposable/reducible to the metal and/or metal oxide. 

Impregnation may be by way of co-impregnation or sequential impregnation, preferably by sequential 
impregnation. Sequential impregnation is preferably effected in the order Group VIII noble metal followed by 
rhenium i 
A preferred method of producing the first component comprises the steps of: 
/o (A) impregnating a support with a solution of a soluble Group VIII noble metal compound thermally 

decomposable/reducible to Group VIII noble metal and subsequently removing the solvent therefrom, and 

<B) impregnating the Group VIII metal impregnated support with a solution in a solvent in which the 
Group vril metal is substantially Insoluble of a soluble rhenium compound thermally 
decomposable/reducible to rhenium metal and/or an oxide and thereafter removing the solvent therefrom. 
is Water may suitably be employed as the solvent in Step (A) and a lower aJkanol, for example ethanol, 
may be used as the solvent in step (B). The production of a catalyst in the aforesaid manner can avoid the 
palladium impregnated on the support In step (A) being leached to any appreciable extent In step (B) of the 
process. 

Another preferred method of producing the first component comprises the steps of: 
20 (A) impregnating a support with a solution of a so-uble Group VHI noble metal compound thermally 

decomposable/reducible to the Group VIII noble metaJ and subsequently removing the solvent therefrom, 
(B') heating the Group VNI noble metal on the support and 

(CO impregnating the Group VIII noble metal Impregnated support with a solution of a soluble 
rhenium compound thermally decomposable/reducible to rhenium metal and/or oxide and thereafter remov- 
25 ing the solvent therefrom.. 

The Group VUt noble metal on the support may suitably be heated in the presence of either an inert 
gas, for example nitrogen, a reducing gas, tor example hydrogen, or an oxygen-containing gas, for example 
air Heating in the presence of an inert gas may suitably be accomplished at an elevated temperature in the 
range from 150 to 350°C Heating in the presence of a reducing gas may suitably be accomplished at an * 
3a elevated temperature in the range from 100 to 350°C. Heating in the presence of an oxygen-containing gas 
may suitably be accomplished at an elevated temperature in the range from 100 to 300° C provided that 
when a high surface area graphrfsed carbon is used as support the upper temperature limit is 200°C. 

In this embodiment of the invention it is not necessary that a solvent In which the Group VHI metal is 
substantially Insoluble be used In step (C) of the process. Thus any suitable solvent may be used in steps 
35 (A') and (C) of the process. Suitable solvents include independently water and alkanols. 

An advantage of the heating step (step (BO) is that the noble metal of Group VIII is rendered less prone 
to leaching In step (C) of the process 

Preferably, a further step is interposed either between step (A) and step (B) or between step (A) and 
step (BO wherein the Group VIII noble metal impregnated support is dried, suitably by heating at a 
40 temperature in the range from 50 to 150°<X It will be appreciated by those skilled in the art that this step 
may be incorporated into step (BO. if desired 

Suitable Group VIII noble metal compounds which are decomposable/reducible to the metal include" 
salts of the metals, for example carboxylates. nitrates and compounds in which the Group VIII noble metal 
is present In the anion moiety, for example ammonium tetrachloropalladate and ammonium tetranitropal- 
45 ladate. Suitable rhenium compounds which are decomposable/reducible to rhenium metaJ and/or oxide 
include dirhenium decacarbonyi, ammonium perrhenate and rhenium heptoxtde 

The metal of Group IA, Group HA or Group IVA of the Periodic Table of the elements may be added to 
the first component at any point during its preparation Thus, the supported palladium/rhenium catalyst may 
be impregnated with a solution of a soluble compound of the metal. Alternatively, a soluble compound of 
so the metal may be added to the co-Impregnation solution or either of the sequential impregnation solutions. 

A preferred first component comprises palladium and rhenium supported on a high surface area 
graphitised carbon of the type described in the aforesaid GB-A-21 36704. 

Before use in the process of the invention the first component is preferably activated by contact at 
elevated temperature with either hydrogen or a hydrogen/inert gas, for example nitrogen, mixture for a 
55 period of from 1 to 20 hours. The elevated temperature may suitably be in the range from 200 to 350°C 

Whilst the precise nature of the first component on the support can not be determined with any degree 
of confidence, it is believed that the Group VIII noble metal component is in the form of the elemental metal 
and the rhenium component is in the form of the elemental metal and/or an oxide thereof . 
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The second component of the catalyst composition is either an alumina or a zeolite, preferably a 
zeolite The zeolite may suitably be any metal lotectosilicate zeolite, for example an aiuminosilicate zeolite or 
a gallosilicate zeolite. A preferred zeolite is an aiuminosilicate zeolite which may be of the low silica type, 
i e one having a silica to alumina molar ratio of less than 10:1 , or of the high silica type, i a. one having a 
silica to alumina molar ratio of greater than 10:1. Preferably the zeolite is a low silica aiuminosilicate zeolite, 
for example zeolite type A or zeolite type Y A preferred zeolite is a zeolite type A, of which zeolite type 4A 
Is particularly useful. Type A zeolites are readily available on a commercial scale A suitable alumina is 
gamma-alumina. 

The catalyst composition useful in the performance of the invention may suitably be produced by 
mixing, preferably intimately, the first component with the second component 

The ratio of the second component of the catalyst composition to the first component may be varied 
over a wide range. A typical ratio is about 4:1 

The process is operated at an elevated temperature, which may suitably be in the range from 150 to 
300 °C preferably from 175 to 225° C 

The hydrogen pressure may suitably be in the range from about 200 to 3000 psig, preferably from 400 
to 2000 psig, though higher and lower pressures may be employed. 

The process may be operated batchwise or continuously, the preference for which will depend on the 
nature of the amide to be hydrogenated. 

The process of the present invention will now be further illustrated by reference to the following 
Examples and Comparison Tests 



CATALYST PREPARATION 



A catalyst composition according to the invention was prepared according to the procedure outlined 
below. In the procedure HSAG carbon denotes high surface area graphitised carbon prepared and 
characterised as follows:- 

The carbon used as support was prepared from a commercially available activated carbon sold by 
Degussa under the designation BK IV. The activated carbon was heat treated as follows. The carbon was 
heated from room temperature in a stream of argon to 1700°C over a period of about one hour . When the 
temperature reached 1700°C the carbon was allowed to cool in the stream of argon to 25°C. The carbon 
was then heated in air in a muffle furnace at approximately 520° C for a time known from experience to give 
a weight loss of 20 %wt The carbon was then heated in argon to between 1800«C and 1850°C. The carbon 
was allowed to cool to room temperature In an argon atmosphere, The resulting graphite-containing carbon 
was then ground to 16-30 mesh BSS 

The resulting carbon had the following properties: 
BET surface area 71 0 m 2 /g 

basal plane surface area 389 m 2 /g # 
edge surface area 2 3 m 2 /g 
BET/basal surface area ratio 1 83 
basal plane/edge surface area ratio 169 

The carbon was pre-treated as follows: to the carbon was added HCI (10% by volume and the mixture 
refluxed for 5 hours, following which it was washed with water This was then repeated, ft was then refluxed 
with water for 5 hours, washed with water and finally dried. 



Pd/Re/HSAG 



In the following procedure nominal loading is defined as weight of metal (not salt) added to the support 
expressed as a percentage of the weight of support. 

An aqueous solution of palladium nitrate was added to HSAG carbon, the solvent was removed on a 
rotary evaporator, and the resulting impregnated carbon catalyst dried overnight at 100°C in a vacuum 
oven. The catalyst was then cooled and transferred to a quartz tube, and was then heated in a stream of 
hydrogen from ca 30 to 280 °C over a period of six hours. After ten hours at 280 6 C, the catalyst was cooled 
under hydrogen, and then purged for several hours with nitrogen. 

The palladium on carbon was then mixed with an aqueous solution of Re207, the solvent again 
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removed on a rotary evaporator, and the catalyst dried overnight at 100°C in a vacuum oven The amounts 
of palladium nitrate and rhenium heptoxide were chosen to give nominal loadings of 25% Pd and 5% Re in 
the first component of the catalyst. 

The first component of the catalyst was then activated by heating at atmospheric pressure in a stream 
of hydrogen to either 280 or 3G0°C over a two hour period, and then holding at the final temperature for 
on© hour. After activation, the catalyst was cooled in hydrogen 

The activated first component (0.5 g) was then mixed with type 4A zeolite (ex BDH) (2.0 g) to form the 
final catalyst composition 



Example 1 and Comparison Tests A and B 



is 



20 



This Example demonstrates that both the palladium/rhenium on carbon and the zeolite are necessary 
for a satisfactory catalyst system.. 

A 70 ml magnetically stirred autoclave was charged with 2 g of propionamide and 5 g of 1,4-dioxane 
(an inert solvent for the amide). Catalyst was added as indicated in Table 1 . The autoclave was connected 
to a gas manifold and was pressurised with hydrogen.. The heating period and reaction temperature are 
listed in Table 1 . After cooling the product mixture was analysed by gas liquid chrornotagraphy.. Conversion 
is defined as the percentage of amide which is converted to products 



TABLE 1 



25 



30 



35 



Example 


Catalyst 


H2 Pressure 
<psig) 


Temp 

CC) 


Time 

(h) 


Conv- 
CX) 


Selectivity to 
amines (X) 


Comp 
Test A 


2.0g 4A zeolite 


3000 


200 


6 


0 




Comp 
Test B 


0.5g Pd/Re/HSAG 


4000 


200 


" 8 


9 


100 


i 


0.5g Pd/Re/HSAG 
plus 2.0g 4A 
zeolite 


4000 


200 


6 


96 


74.4 



40 



Example 2 and Comparison Test C 



46 



This Example demonstrates the Improved activity and selectivity of the catalyst system of the invention 
compared to the system of US 4,448,998- 

The reaction was performed as described in Example 1- \n each case 2 g of zeolite 4A and 0.5 g of 
metal catalyst was used Reaction was for 6 hours at 250°C under a hydrogen pressure of 4000 psig, 

Results are given in Table 2. 



so 



Examples 3 and 4 



55 



These Examples demonstrate that the reaction can be satisfactorily performed at 200°C, This is 
substantially lower than the preferred range in US 4,448,998 i e 260 to 310°C 
The reaction was performed as described in Example 1 

In each case, 2 g of zeolite 4A and 0 5 g of 2 5% Pd/5% Re on high surface area graphite support was 
used as the catalyst system Reaction was for 6 hours Temperature and pressure were as indicated in 
Table 3 Results for the Example are given In Table 3- 
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The procedure of Example 1 was repeated using 0.5 g of a 2% Pd/10% Re on activated carbon (ex 
Engelhard) catalyst instead of the Pd/Re/HSAG catalyst. The results, together with the appropriate result 
from Example 1 are given in Table 4. 

With reference to Table 4, the conversion using an activated carbon support is very much lower than 
that achieved using an HSAG support. 



to 



15 



20 



25 



30 



40 



50 



55 



SDOCID: <EP Q2ee2SOA1_L> 



0 286 280 



10 



20 



25 



30 



35 



40 



45 



50 



55 











+> 








-- I J3 






> >N 












•U 0} 






<J , 


* i 






3 *-* 




CO 


"0 < 




CN 


CI 


O 




CN 


L. < 




• 


" 






o 


O 


03 < 


ao 






« 






C ^ 








30 






I* 








4) 








a 








§ 




o 






« 


• 




a 








0 








u 








a 






































« 


a 








d 














>l 


e 








A 




o 






* 


« 


> 








•H 




•if 


CN 


+> 


o 






u 








0 


a 






i— i 








9 
















01 








c 








1 

— < 




o 












a 


n 


cn 




0 
















a 








o 
































e 








0 














ia 
















o» 




> W 




VO 




c 








0 






o 










s 








< 








CQ 


0 






5? 


4J 








*^ 






3 


s 


*> 


Pi 


g 








M 












«n 


y 














Li 






PL. 


4) 


o 




a 








& 






in 


o 














CN 




















pH 


























cn 






3 












a 








o 

































> 






W JJ 






4J 03 






u 






_ . 
Cn 


3 H 






I** 


CN 








Li 4 




* 


CL, 


y 


O 


o 


01 








CO -tf 






Amin 


•* 

if 








4) 








§ 








cd 
>> 


r»» 


o 












o 












— • 




& 
















M 








-u 






K 


O 








c 








§ 






4J 












CN „ 




> 










a 








o 
















a. 






i— • 


•H 






Q> 








in 
















co 
















i 
















ts 


ID 






a 








o 


d 


CN 




u 


CM 






a 








a 








a 








o 
s 








5 






i 


9 






H 




















1) M 


o 


o 




> w 


c» 


o 


< 


3 






U 






03 


















01 64 


o 


o 


W w 


o 


o 


« 0> 


© 


o 


H Qm 


CN 




av 






CM 






X 






0) 






1 








3 












< 




o 


o 


1 


* u 


o 


m 






CN 


CN 










8 






03 






w 







8 



iSOOCID: <EP 0286280A1_I_> 



0 286 280 



TABLE 4 



Example 


Catalyst 


H2 Pressure 
(psig) 


Temp 

Cc) 


Time 

(h) 


Conversion 
(X) 


1 


0.5g Pd/Re/HSAG + 2g 
4A zeolite 


4000 


200 


6 


o* 


5 


0.5g Pd/Re/activated 
carbon + 2 g 4A 
zeolite 


4000 


200 


6 


1 



20 Claims 

1 A process for the production of an amine which process comprises reacting an amide with hydrogen 
at elevated temperature in the presence as catalyst of a composition comprising as a first component (i) a 
noble metal of Group V!ll of the Periodic Table of the Elements, and (ii) rhenium and as a second 

25 component either an alumina or a zeolite.. 

2 A process according to claim 1 wherein the amide is of the formula:* 

Rl - <\ (I) 
NR 2 R 3 



wherein R 1 is either hydrogen or a substituted or unsubstituted benzyl, aryl, aliphatic or cycloaliphatfc 
35 Qtcrnp, and R 2 and R 3 are independently either hydrogen or substituted or unsubstituted aliphatic groups.. 

3 A process according to claim 2 wherein in the formula (I) R T is either hydrogen or an alkyl group. 

4 A process according to claim 2 wherein in the formula (I) ft 2 and R 3 are either hydrogen or an alkyl 
group 

5 A process according to any one of the preceding claims wherein the amide is either acetamide, 
^ propionamlde or a fatty amide 

6 A process according to any one of the preceding claims wherein in the first component of the catalyst 
the noble metal of Group vm is palladium or ruthenium 

7 A process according to any one of the preceding claims wherein the first component of the catalyst is 
supported on either a high surface area graphitlsed carbon, a graphite, an activated carbon, a silica, an 

45 alumina or a silica/alumina, 

8 A process according to claim 7 wherein the support is either a high surface area graphitised carbon 
or a high surface area silica. 

9 A process according to any one of the preceding claims wherein the ffrst component is modified by 
incorporation of a metal or metals of Group IA, Group iiA or Group IVA of the Periodic Table of the 

50 Elements 

10 A process according to any one of the preceding claims wherein the first component of the catalyst 
is prepared by a method comprising the steps of: 

(A) impregnating a support with a solution of a soluble Group VIII noble metal compound thermally 
decomposable/reducible to Group VIII noble metal and subsequently removing the solvent therefrom, and 
55 (B) impregnating the Group VIII metal impregnated support with a solution in a solvent in which the 

Group VIII metal is substantially insoluble of a soluble rhenium compound thermally 
decomposable/reducible to rhenium metal and/or an oxide and thereafter removing the solvent therefrom 



9 
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11 A process according to any one of claims i to 9 wherein the first, component of the catalyst is 
prepared by a method comprising the steps of> 

(A) Impregnating a support with a solution of a soluble Group VIII noble metal compound thermally 
decomposable/reducible to the Group VIII noble metal and subsequently removing the solvent therefrom. 
5 {BO heating the Group VIII noble metal on the support, and 

(C) Impregnating the Group VIII noble metal Impregnated support with a solution of a soluble 
rhenium compound thermally decomposable/reducible to rhenium metal and/or oxide and thereafter remov- 
ing the solvent therefrom,. 

12 A process according to either claim 10 or claim 11 wherein the first component of the catalyst is 
jo activated by contact at elevated temperature with either hydrogen or hydrogen/inert gas mixture for a period 

of from 1 to 20 hours. 

13 A process according to any one of the preceding claims wherein the second component of the 
catalyst is a zeolite which is a low silica aluminosiiicate zeolite. 

14 A process according to claim 13 wherein the zeolite is either zeolite type A or zeolite type Y. 

J5 15 A process according to claim 14 wherein the zeolite is a zeolite type A which is zeolite type 4A. 

16 A process according to any one of the preceding claims wherein the elevated temperature is In the 
range from 150 to 300°C. 



zo 



25 



30 



3$ 



40 



45 



50 



55 



10 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 88 30 2628 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categny 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to I 



CLASSIFICATION OF THE 
APPLICATION (lot. CL 4) 



US-A-3 845 130 
* Claims * 



(R.M. SUGGITT) 



C 07 C 85/12 



CHEMICAL ABSTRACTS, vol.. 88, no. 2, 9th 
January 1978, page 343, abstract no. 
12468p, Columbus, Ohio, US; S. ENGELS 
et al.: "Studies on metal catalysts; 
16. Dispersity and activity of 
pal 1 adi um-rhen1 um-eta-al umina 
catalysts", & Z. CHEM.. 1977, 17(10), 
387-8 

* Whole abstract * 



D.Y 



US-A-4 448 998 
* Claims * 



(R.M. KING) 



TECHNICAL FIELDS 
SEARCHED (Int. C1.4) 



C 07 C 85/00 
C 07 C 87/00 



The present search report has been drawn up for aB claims 



Plase of search 


Daucf cxwiplattwiofthettvta 


. Ennrfatr 


THE HAGUE 


15-07-1988 


M0REAU J..M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle un deriving the tnvttukin 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited In the application 
I : document died for other reasons 

& : member of the same patent family, corresponding 
document 



SOOCIO: <EP 02B628QA1J_> 



